 (Br_r Ophthalmol 1995; 79: 413-416) 
Although diabetic microangiopathy has its greatest clinical effects in the retina and kidney, there is much evidence that the process is generalised, involving most capillary beds.
Most patients with diabetes mellitus develop characteristic abnormalities of retinal blood vessels and blood rheology. These abnormalities seem to alter retinal blood flow. The earliest detectable morphological changes in diabetic retinopathy are microaneurysms and capillary closure. Despite intensive research efforts, the pathogenic mechanisms important to the initiation and progression of diabetic retinopathy are still poorly understood. It is clear that whatever humoral factors influence the microcirculation it remains to be explained why it is the retina that develops capillary occlusion, exudates, microaneurysms, haemorrhages, and new vessel formation whereas other microcirculations do not. Diabetes predominantly affects the ocular microcirculation and, apart from some minor dilatation of the retinal arterioles and venules, no changes are seen in the major vessels in the early stages.' Most observers agree that a plausible pathogenetic explanation for proliferation of vascular endothelial cells in proliferative diabetic retinopathy (PDR) is ischaemia of the inner retinal layers secondary to closure of parts of the retinal capillary bed. 2 Colour Doppler imaging (CDI) allows for simultaneous two dimensional anatomical imaging and evaluation of blood flow velocity.3
In this report, we study ocular blood flow velocities in patients with PDR and healthy volunteers.
Patients and methods A total of 25 diabetic patients (13 It is well known from several studies that hypertension is a significant risk factor for the incidence and progression of diabetic retinopathy studies. In hypertensive patients, higher blood pressure was associated with increased volume flow in the patients studied at different times. For this reason, blood pressure was recorded in each group. We excluded this factor because only patients with systolic pressure below. 140 mm Hg and diastolic blood pressure below 90 mm Hg were evaluated. In this study, all diabetics with glycosylated haemoglobin (HbA1c) >9-5 g/dl were excluded. Then, subjects with bad glycaemic control were rejected. This factor worsens the retinal microcirculation and would have influenced the results obtained.
The research followed the tenets of the Declaration of Helsinki and informed consent was obtained.
Means and standard deviation are given for all samples.
The statistical method used for comparing 17 The range of error seen in most studies reporting laser Doppler flow data is 18% (errors in interpreting the Doppler shifted frequency spectrum and in measuring the Doppler angle). 18 The initial lesions of diabetic retinopathy affect capillaries, small arterioles, and venules. The earliest changes are retinal capillary bed obstructions and capillary dropout. Progressive thickening of the basement membrane narrows the lumen of capillaries; microaneurysms, venous abnormalities, arteriovenous shunts, and later neovascularisation develop. These changes of vessel morphology may disturb the retinal microcirculation. On the other hand, diabetes mellitus affects the blood rheology. Increased blood viscosity and plasma viscosity, 19 20 increased red blood cell aggregation,21 22 Increased volume flow in other organs of diabetics has been reported.32 34 On the other hand, in capillaries of the conjunctiva bulbi35 36 and of the nailfold,37 a decreased blood velocity was also found in diabetics. Long standing diabetes in humans is associated with a decrease in the cerebral artery blood flow, attenuation of the cerebral vasodilator response to 5% carbon dioxide, and loss of global cerebral autoregulatory capacity.
Blood flow is directly dependent on vascular diameter. CDI cannot accurately assess the diameter of the vessels; for this reason, we could not conclude that blood flow was also decreased, but probably it occurs. Perhaps, the reduction of flow velocities might be associated with changes of the retinal blood flow, before more severe morphological changes. The reduction of capillary blood flow velocities and the increased diffusion times may lead to chronic hypoxia of the retinal tissues. 38 In comparison with the healthy group, diabetics showed significant differences in arterial blood flow velocities apart from the CRV. No significant differences of venous velocities were observed between diabetic patients and normals, but diabetics showed a slight decrease in systolic and diastolic venous velocities except for the CRV (Tables 2 and 3 ). This feature could reflect arterial dilatation greater than venous (vascular diameter increases could be associated with lesser blood flow velocity and the same blood flow).
An endothelium derived relaxing factor is released tonically under physiological conditions, thereby influencing basal blood flow in healthy humans. It is possible that impaired endothial factor biosynthesis is generalised in such patients and contributes to the pathogenesis of overt vascular complications.39
Several of the actions of this factor on vascular smooth muscle and platelets make it plausible.
In conclusion, in diabetic patients with retinopathy findings on retinal blood flow are controversial. Both reduction and increase of retinal blood flow has been reported in all stages of diabetic retinopathy. In this study, we have found lower flow velocities in PDR patients than healthy volunteers, suggesting a low retinal perfusion, which might contribute to ischaemia of the choroidal and the inner retinal layers.
